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CORRTEY: A COMPACT ANI- VERSATILE SYSTEM FOR TIMF DOMAIN RFFLECTOMFTRY

R. G. Deipree, D, D. Eilers, T. O, McKown, W. H. Stor. y
Los Al mos Srientific Laboratory
Los Almmos, lew Memico A7545

ABSTRACT

The CORNTEX ((Ontinuou= Feflectrmetry for Ralius
veraus Time EXperiments) system uas designed to be
An adaptable and versatiie wnit for performing time
danain refleatametry (TDR). The system cons.sia of
2 conxlnl cable, a digital TPR, vhich uses a
Motoraola 6800 microprocessor, s powsr sou/‘s or
battery paeck, and an output terminsnl or reacrding
driver, (w»mairatle criteria for the system are
dincua. ! as wll as the ofuration of the COARTEX
syatem. The typea of preacrt appllications of the
COCRRTEX nyntem are summarized and data predented,

INTRODUCTION

The CCARTEX aya..m, develop « at the Los Almm..s
Sclentific Lanoratory, 18 a digitr]l system used to
measure the position of a shuck frent as a (ometlon
of time, The syatrm was developed undur the
auaplees T Lhe Peoceful Nuclear Expinalves and
Weapona Test. programs. During the early stuges or
the develnjment, several eriteria were formul aled
which the syatem normded tu aatisfy. Theaes innjule
1) the collection of A relatively large nimber of
highly arcurate moasur=nents closely spaced in Lime,
2) wnity which are aelfacontained and
fleldwieploynble {n & relatively mall packate, 3)
veraptiliLy 'n deployment, &) allowanes for future
mudifirations, %) self=calibration, 6) only pansive
compinents in the usually inaccesaible reglon vhere
the ghowh wave (8 to be measuvred, and 7) the abiliLy
to rapldly redoen the data Lo produce shock Limes of
arrival (TOA - the shock loration ag a funetion of
time) in the Field,

tver Lhe pant ailz ymarsa, mere thas 0C mensuremonla
have been made in a varisty of applications, and ue
are convinend that all ~riteria arc wll aatinfied,
'n the next aection, we ontline the carponenta of
the CCRRTFX Cystem and their properties,  Section
I1] indiratea the range of rpplinat 1ons (r vhich the
syatrm baa been employed, Finally, & comment on
the current. stats Of Lhe aystem apd the prospe:tns
for futire iirections of Jdevelojment,

THE Uy HHTRX SYATEM

The CCRRTEY nyatem han hoen deacribed in detal)
elaewhorn, 830 Lhat we ahall fitus here on a brisf
simanry of f1a comjonent s and apeelfleationa and
dicrussion of IU8 atlractive Featurea, e fonespt

is qulte straightlforward ami 's displayed in Flgure
1. A coaxial cable i{s run frvam a recorder contain-
Ing the units to a~ne known distance from the
souroe of the shock wave. A pulse mmitted by the
system Lravels down Lhe cabl!r and is reflented at
the point where the shock front is aurrently
crushing the cable. The return pulse 18 recrived
at the traller and the time interval between pulse
enlaslon ani reception measured and stored in
mewory. With the previously determined veloaity of
propagrtion of the pulse through the eable, onr
flnds the caple length from the recorder to the
oaurrent sho~u loration, Trerefore, monitoring Lhia
time interval as a function of Lice alluws determi-
nation of shork locaticon s a funclion of Limr,

This ronfiguration allcwa many ndvantages in terms
of the eable vlunn, Anong Lheae i3 that virtually
any 50 ohm cable can be used and that the cable
aal ibrated for any egjeriment {5 Lhe euacL cable
usrd on Lhat wiprriment. The current eiperience
includes cahles the' crush rel ably under p~easures
of » few tens of burs to thuse Lhat orush only
under preasores ¢f kilobars, Thus, the chnice of
cable {8 detrrmined by the type and goal of the
exprrinent rather than any limitntionn of the
system, The cable calibration {s both quisk and
aveurote, The cahle Lo be usml {n the experiment
13 pulasd 2000 Limes and the Lime beLween pulac
emisnion and reesption meanured, A plece of ciuble
of ancuralely measured length Is out off and the
remaining ~able pulaml apother 2000 times. The
pulae propagation velurity ran Lhen be determined
from the difference in cable length and Lhe
dirference in pulae Ltransit tims, A Lyniaal
Atemdard deviation over the P00ON pulaca {8 nbout
SR pn. whirh correaponds to about t o in rable
lengt h.

The 3enn pul gep carerspond Lo Lhe number of dat s
I~ iuta Lhal nan be alored in Lhe wemory of Lhe
digitnl recorder, In keeping with Lthe destrml
eriterin, the digitnl recorder 15 both 1ight
(P7:ha) and mnl, (1%76 % 17" 2 H295), The nlpe
mny be visualieml in Figure 72, The unils are
piwmrod hy externnl M-V bo'.teries, but Lhey
fnclude an internal battery for maintaining data
sLorage For up te »ight houra 3. ould Lhe splerpnl
batiery fail. Thin Internal batitery sllows unit
tronapmt while retalning data,



Pulses may be cmitted in time intervals fram 20 to
90 113. A portion of each pulse ia routed to time
interval messuring eircuitry tn start the time
count. Counting cannnt be stopped until the pulse
is well down the cable, A discriminator detects
the reflected pulae and terminates the time count.
The data are then interpreted, formatled, and
storced {n memory. After the memory is filled. the
fysctem is shut down.

Data retrieval may he carried out in a variety of
wavi, One of these is displayed on the front panel
of the digital recarder. The data can slso be
recorded or displuyed on any device that can
communicate throwh nn RSPI2 port, The same
applie to directly attaching a computer interface
tu the recorder.

Another higlhly desirable feature is the speed of
data reduction in the field. Ouere the data had
been Vranaferred !nto camputer memory (whioh
usualiy depends «n factors completely external to
the CCORRTEY system' . peduction to the shiock radlua
versus Lime curve can b accomplished in about ten
ninutes,

Spee: and ~fficiency are characteristios of the
ertire gyst: .. Thu entire operativn can be set up,
enlivrated, run Lhrough the eaperiment, and dntn
reduction by a mmall nimber (characteristically
three, but poasgibly twe woulag suffice) of
personnel. The portability s adequately
Jemonatrated by the Fact that rive camplete units
wopn transported to a hot, dry reck elperiment {n
the tnited Fingdom at a cost qutes 1000, (e unit
hng even been checked as ordinary airline baggng:,
run-~tiening perfretly ofter the o deal, With the
variely of cabies and oubj it devices allowd, ane
might gimas Lhal use of the system (8 intended for
a number of applirationn, To shuw Lhis, and the
quality of infarmation, we now look at some
{nd{vitual resulta,

APPLICATIONT

W ammartze In Table I Lhe Lypea of CCHRTFY
eiperienee to date.

TABLE |

CORRTEX Experivcnar

Working Nimber of Inte
Medium Measurement 4 Quallly (em) Cihlea
Underground " 1nn =7 Riim 10,
Rii=N,
Fad oy .
RF=14
Alr 1] 10-1Y RG=174
Mine holoen || i Rti=-174
(ANFD) FiL an
Pipe Flow L haln Rt~V /0,
DMagnoaties Catr and vaenum) Fhdt-nn
floesLhnpmal n 1-" Kii=170

Fracturing
(TATIY » watep) [ R RN

Included in the Table are the medium of the
experiment, the number of independent data sets, a
mecasure of the quality (noise in the TNA curve in
cm), and the types of cubles used., Clearly, a
large range of expcerimental conditions have heen
sampled.

The ability to use a variet, of cablea provides
benefits 1n addition to the matching of coble type
to exyp:rimentpal goal. Onee the pressure at which a
cable ceases to crush regularly a3 been deter-
mined, Both nn ertimate of ') * pressure at one
diastance from the explosion ani aome information
about the shock front can bd obtained, An example
of the difference between rable response is shown
in Fig. 3. Clearly, Lhe high crush thresbnld
RG=214 cable has aeased to crunh smoothly bv
roughly 16,5 ms, Furthermore, tht data for the ‘wo
different cables between 25 and 30 m3 auggest thot
the shork front muy have become sufficlently
diffuse tr allow the separation of inltianl arriva:
and peak pressure, We also note that a very good
approx imation Lo the late time TOA aurve can be
foumd by aonneeting the peaks of the RG=D10 curve,

A final exmple of the utillty of the system 13
demnnstrated by examination of a high explosive

oli shale rubblization event nonducted by G
Divialon of LASL. The event consisted of four 15!
deep heles with 5' of ANFO explosive. {n the
bottom, The hnles forme) a aquoare ' on n 8iie,
The configuration 18 4imgrammed in Fig. 4. The
GUKRT!, data fur Lhe Cowur holes are slown in [ig.
5, The data show that all the HE in Hoi=r 1 aml 4
fgnited, that only partial burn won ubtained in
lole 1, und that there waa no ignition {n liole 2,
Theare renulta were oblained shortly after the evont
and are clearly vital for safely rapsons in rase of
reentry. ne can alao obtajn accurate ealima*en of
Lsurn velocitica of Lhe HE from thia data.

DISCISSTON

We have ahown the COKRTEY ayatem Lo e A raplily
deployabile, highly verasatile, rfant, and effictient
aystem far obtainlng accurate ahock Lime of arrival
aurven, The unitn are currently routinely applied
and the dnta redueed In the Field, The ayatem hian
shown {Liaell Lo L@ highly relinble and accurats,
even ¢#fter oxtenaive tpavels and Crequent une,

A arcond generation of Lheae units 18 currently
belng cevelopemd,  The primory wlded cetterion Ia
enviremental hardening. We anticipate a wide
varioty of app) feationa amd extensive use of theae
new unftn,



PRINCIPLES OF TDR OPERATION |
"Radar cn a Wire"

Q. Pulse emitted at b Pulse traveis toward

known time "‘_|\ short
. - —
A
START TIM 0 | 0

Shock front
exponds and
shorts cable

AN .
— % \— TIM
/ N
}
C. Pulse reflects ot short d Pulse returns to trailer.
(i.e. shock position) and returns Round trip travel /4-—-
measurrd by TIM )

s

0 STOP TIM 0
-< ‘
Total Cable Length = Pulse Propagation Velocity x

( Round Trip Time 7 2)
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